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© Movable-window safety device. 



> A window glass in a motor vehicle body is 
si id able in a vertical direction within a window 
frame by means of an electric motor (34) con- 
trolled by "up" and "down" switches (36,40). 
The window glass slides with reference to a 
window guide channel (11). The window guide 
channel incorporates a metal carrier or other 
electrical conductor (14) which receives the 
output from electrical oscillating means (28). If 
a human hand, or other part of the human body, 
is present within the frame of the window, when 
the window is open, and within a predetermined 
distance from the window guide channel (11), 
the resultant capacitive effect will change the 
output of the oscillator (28). This output change . 
is detected by a detecting unit (42) and opens a 
switch (38). This switch (38) is connected in 
series with the "up" switch (36) for the window 
drive motor (34) and thus either stops the 
motor, if it is driving the window glass upwards, 
or prevents the window glass from being so 
driven. 
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The invention relates to a system for controlling 
a power-driven window movable in a window opening 
between closed and open positions, comprising elec- 
trical circuit means for producing an electrical output, 
electrically conductive means adapted to be posi- 
tioned adjacent to the window opening, connecting 
means connecting the conductive means to the elec- 
trical circuit means such that the presence of a part 
of the human body at or not more than a predeter- 
mined distance from the conductive means produces 
a change in the electrical output, detecting means re- 
sponsive to the change in the electrical output to pro- 
duce an output signal, and output means responsive 
to the output signal for interrupting movement of the 
window glass in the window opening. 

Such a system is shown, for example, in FR-B-2 
098 871 . In this system, for controlling a power-driven 
window in a motor vehicle, an electrical conductor is 
incorporated into insulating material and mounted on 
or around the frame of the window. The conductor is 
connected to the non-grounded terminal of the vehi- 
cle's electrical battery so as to produce a difference 
in potential between that conductor and the remain- 
der of the vehicle's body. An electrical capacitor is 
thus produced such that the entry of a part of the hu- 
man body into the window opening alters the dielec- 
tric of the capacitor. This may be detected by a 
Wheatstone bridge circuit and stops the movement of 
the window glass. It is desirable, however, to produce 
a system with greater sensitivity to the detection of 
the presence of a part of the human body (or other ob- 
ject), but also with the possibility of being less sensi- 
tive to the effects of ambient conditions. 

Accordingly, the known system is characterised, 
in accordance with the invention, in that the electrical 
circuit means produces the electrical output as an 
electrically oscillating output. 

The invention relates to a system for controlling 
a power-driven window glass slidable in a window 
frame, comprising electrically conductive means 
adapted to be mounted in use adjacent to the window 
opening so as to be physically moved by direct or in- 
direct contact with part of the human body positioned 
between the moving window glass and its frame dur- 
ing power-driven closure of the window, electrical cir- 
cuit means connected to the electrically conductive 
means so as to respond to the said movement of the 
electrically conducted means and to produce a corre- 
sponding output, detecting means responsive to the 
output to produce a control signal, and control means 
responsive to the control signal for interrupting pow- 
er-driven movement of the window glass. 

Such a system is shown, for example, in DE-A-3 
724 085. However, such a system requires electrical 
contact to be made between two conductors. Such a 
system may be adversely affected by ageing and sim- 
ilar effects which may alter the force necessary to 
achieve the necessary contact. 



According to another aspect of the invention, 
therefore, such a system is characterised in that the 
electrical circuit means incorporates an electrical os- 
cillator and in that the electrically conductive means 
5 is connected in the tuned circuit of the oscillator 
whereby the said movement of the electrically con- 
ductive means changes the frequency of the oscilla- 
tor to produce the said output. 

Safety systems for interrupting the movement of 
10 a power-driven window in a motor vehicle, to prevent 
human injury, will now be described, by way of exam- 
ple only, with reference to the accompanying dia- 
grammatic drawings in which: 

Figure 1 is a diagrammatic side elevation of a mo- 
rs tor vehicle; 

Figure 2 is a perspective elevation of a window 

channel in one of the systems; 

Figure 3 is a view corresponding to Figure 2 but 

showing an electrical contact connected to the 
20 window channel of Figure 2; 

Figure 4 corresponds to Figure 3 but shows a fur- 
ther electrical connection; 

Figure 5 is a block circuit diagram of one of the 

systems; 

25 Figures 6 to 1 0 are cross-sections showing other 

possible forms of window channel which can be 
used in the systems; 

Figures 11 to 14 are more detailed cross-sections 
showing further possible window channels which 
30 can be used in the systems; 

Figure 1 5 is a detailed circuit diagram showing a 
circuit which can be used in another of the sys- 
tems; 

Figure 16 is a block circuit diagram of another 
35 form of circuit which can be used in the system; 

Figure 1 7 is a flow chart for explaining the oper- 
ation of the circuit of Figure 16; and 
Figure 18 is a cross-section showing another 
form of window channel which can be used in an- 
40 other of the systems. 

Figure 1 shows a motor vehicle 5 having a front 
door 6 with a power-driven window 8 which is shown 
cross-hatched for clarity. The power-driven window 8 
is raised and lowered by means of a suitable motor, 
45 normally an electric motor, under the control of 
switches positioned within the vehicle for use by the 
driver or passenger. All or some of the other side win- 
dows in the vehicle may also be power-driven. 

The window frame 1 0, forming part of the vehicle 
50 door, incorporates a window guide channel 11, one 
form of which is shown in Figure 2. The window chan- 
nel comprises extruded plastics or rubber material 12 
of channel-shape which incorporates an embedded 
metal core or carrier 14. 
55 The carrier 1 4 may take any suitable form. For ex- 

ample, it may comprise a simple channel of metal. 
The channel could additionally be formed with aper- 
tures to increase its flexibility. Instead, the carrier 
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could be made from U-shaped metal elements ar- 
ranged side-by-side to define the channel and either 
connected together by short flexible interconnecting 
links or entirely disconnected from each other. The 
metal could be steel or aluminium, for example. 

Instead, the carrier could be made of metal wire 
looped to and fro to define the channel. 

The carrier is advantageously incorporated into 
the extruded material 12 by a known cross-head ex- 
trusion process. 

The extruded material defines a lip 16 projecting 
upwardly from the base of the channel, a large lip 18 
directed inwardly into the channel from one edge of 
the channel's mouth, and a similar lip 20 on the op- 
posite side of the channel but of shorter extent 

The window frame 10 (Figure 1) may take the 
form of a metal channel which is sized to receive the 
guide channel 11 of Figure 2. When the channel 11 is 
fitted into position within this frame, Hps 22 and 24 
(Fig. 2) overlap and grip the outsides of the frame. 

The window channel 11 extends around the sides 
and top of the frame 1 0. Thus, it extends up that part 
1 0A of the frame alongside the "A" pillar of the vehi- 
cle, along the top 10C of the frame and down that part 
10B of the frame corresponding to the "B" pillar. 
Where the window glass 8 slides into and out of the 
lower part 5A of the door 5, a waist-seal (not shown) 
is provided on each side of the slot. 

The surfaces of the window channel 11, and of 
the waist-seal, which contact the sliding glass are ad- 
vantageously covered in flock or other suitable mate- 
rial to provide a low-friction and substantially weath- 
er-proof surface. 

In the usual way, when the driver or a passenger 
wishes to raise or lower the window, he or she ach- 
ieves this by operating an appropriate switch which 
energises the motor, and the window glass thus slides 
upwardly or downwardly within the window guide 
channel 11. 

The system now to be described is for automati- 
cally stopping upward movement of the window glass 
8 if the driver or passenger, or someone outside the 
vehicle, should inadvertently place a hand or other 
body part within the gap between the upper edge of 
the window glass 8 and the top of the window frame 
10C. In a manner to be explained, if such a hand or 
body part comes within a predetermined distance of 
the top part 1 0C of the window frame (such as it might 
do if it were carried upwardly by the power-driven win- 
dow glass), the system automatically stops the motor, 
by disconnecting its energisation, before the hand or 
other body part becomes injured by being trapped be- 
tween the top edge of the glass and the window frame 
10C. 

As shown in Figure 5, the vehicle carries a control 
unit 20 which is supplied with electrical power on lines 
22 and 24 from the vehicle's battery 26. The control 
unit 20 includes an oscillator 28 which produces a 



high frequency oscillating output on a line 30. Line 30 
is connected to the metal carrier 14 within the window 
channel 11 (Fig. 2). The connection 30 may be made 
to the carrier 14 in any suitable way. Figure 3 shows 

5 how the carrier 14 may be provided with a contact 32. 
Figure 4 shows how the connection 30 is connected 
to the contact 32. 

Advantageously, the metal carrier within the win- 
dow guide channel 11 where it runs along the top part 

10 1 0C of the window frame (Fig. 1 ) is separated from 
the carrier 14 in those parts of the window guide 
channel 11 fitted to the parts 1 0A and 10B of the win- 
dow frame. 

It will be understood that the extruded plastics or 

15 rubber material 12 electrically insulates the carrier 14 
from the vehicle bodywork, and the contact 32 and 
the conductor 30 (Figs. 3 and 4) are similarly insulat- 
ed from the vehicle bodywork. 

Figure 5 also shows the circuit for energising the 

20 electric motor 34 for raising and lowering the window 
glass 8. The motor 34 is energised by means of a "up" 
switch 36 which is positioned for use by the driver or 
passenger. When the switch 34 is closed, the motor 
34 is electrically energised through a further switch 

25 38 forming part of the control unit 20. Switch 38 is nor- 
mally closed. Closure of switch 36 therefore energis- 
es the motor 34, and the window glass thus begins to 
move upwards. 

Switch 36 may be a solenoid-operated switch or 

30 a solid state switch. 

A second switch 40 is provided for the driver or 
passenger, and is used for causing the motor 34 to 
lower the window glass. The output of switch 40 is 
connected directly to the motor 34 and not via the nor- 

35 mally-closed switch 38. 

When the system is energised in the manner de- 
scribed, an electric field is radiated by the carrier 14 
and is present within the area of the window frame. If 
a human hand or other body part becomes present 

40 within this radiated field, the effect will be to cause a 
capacitive change to be sensed by conductor 30 be- 
cause of the change in dielectric constant which re- 
sults from the presence of the hand or other body 
part. This change in capacitance will be imposed on 

45 the circuitry of the oscillator 28 and will result in a sig- 
nificant change in its output - in the frequency and/or 
amplitude and/or phase of its output This change is 
detected by a detector circuit 42 (Fig. 10) which re- 
sponds by opening the switch 38. 

so Therefore, when at least a predetermined amount 

of change in the output of the oscillator 28 occurs, 
switch 38 opens - that is, becomes open-circuit. The 
electrical supply to motor 34 is thus interrupted and 
the motor stops. Upward movement of the glass 

55 ceases and injury to the hand or other body part is 
prevented. 

The oscillator 28 may be provided with an adjust- 
ing device 44 which adjusts the output power of the 
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oscillator 28. This effectively adjusts the range over 
which the system can detect the present of a human 
hand or other body part within the window frame. The 
control 44 needs to be set so that the system will en- 
sure that the rising window will be halted before injury 
occurs. The system can be set so that the rising win- 
dow is stopped before the hand or other body part ac- 
tually makes contact with the top 10C of the window 
frame. Instead, it can be set so that the window stops 
when the hand or other body part is in actual contact 
with the top 10C but before the rising window applies 
more than a predetermined and non-injurious force to 
the hand or other body part (e.g. 1 00 N). 

Figure 5 shows how the control unit 20 may incor- 
porate a reversing unit 46 which responds to the de- 
tected output from detector 42 by providing an output 
on a line 48 which reverses the motor 34, so as to 
cause it to lower the window. 

The rising window glass on its own (that is, when 
no human hand or other body part is present in the 
gap between the glass and the top 10C of the window 
frame) does not itself significantly affect the output of 
the oscillator 28. This is because the dielectric con- 
stant of the window glass is many times less than that 
of a human hand or other body part. 

The system can be adapted for f rameless win- 
dows. In this case, there is no separate window 
frame. The rising and lowering window glass slides 
with respect to a seal or channel carried by the frame 
on the vehicle body within which the door is located. 
This channel or seal (such as a door seal) will normal- 
ly also incorporate a metal carrier which can thus be 
connected to receive the output of the oscillator 28 in 
the manner already explained. If it does not incorpor- 
ate such a metal carrier, a suitable electrical conduct- 
ing strip may be mounted adjacent to it and suitably 
insulated from the vehicle body. 

Figures 6 to 1 0 show other forms of window chan- 
nel 11. In these forms, in some of which no separate 
metal carrier is provided, one or more electrical con- 
ductors 50 may be embedded within the extruded 
plastics or rubber material 12 as indicated. Again, 
such conductors 50 are electrically insulated by the 
extruded plastics or rubber material 12 from the ve- 
hicle bodywork. It will be understood that the actual 
configuration of the extruded plastics or rubber ma- 
terial of the window channels illustrated will vary ac- 
cording to the particular application. 

Figure 11 shows a cross-section through the top 
10C of the window frame, showing, also, the window 
channel 11 mounted in position. The window channel 
11 shown in Figure 11 differs somewhat in configur- 
ation from that shown in the previous Figures. In Fig- 
ure 11, the window channel 11 is made from plastics 
or rubber material and has a portion 60 which is clip- 
ped into the window frame 1 0C and holds the window 
channel in position. In addition, it has lips 62,64 and 
66 wh ich contact the rising window glass 8 and advan- 



tageously have flocked surfaces. As shown in Figure 
11, the window channel is provided with a metallic 
strip 68 and also with a metal band 70, both of which 
are embedded within the plastics or rubber material. 

5 One or both of these metal pieces is connected to re- 
ceive the output from the oscillator 28 (Fig. 5). 

Figure 11 also shows part of the trim 70 on the in- 
side of the window frame, together with parts of the 
body panels 72 and 74 where they meet at the frame 

10 surrounding the door opening so as to define a flange 
76. A door seal 78 incorporates a channel-shaped 
gripping part which embracingly grips the flange 76 
and supports a door seal 80 which is sealingly con- 
tacted by the frame 1 0C when the door closes. 

15 Figure 12 shows a modified form of the arrange- 

ment shown in Figure 11 and corresponding parts are 
similarly referenced. In this case, the window frame 
11 incorporates a U-shaped carrier 14 for helping to 
hold the window channel on the window frame 10C. 

20 In this case, though, the metal carrier 14 is not con- 
nected to receive the output of the oscillator 28. In- 
stead, the output of the oscillator 28 is connected to 
a moulding strip 82 which is mounted on the inside 
surface of the window frame 10C and is arranged to 

25 be electrically conductive. The strip 82 may, for ex- 
ample, be a metallic strip or it may be another elec- 
trical conductor incorporated within a suitable cover- 
ing material. Conductive rubber could be used. It is 
electrically insulated from the window frame 10C by 

30 the trim material 70. 

Figure 13 shows a modification to the arrange- 
ment of Figure 12, in which the trim panel 70 is dif- 
ferently shaped and incorporates a metallic core 86 
which is connected to receive the output of the oscil- 

35 lator 28. 

Figure 14 shows a further modification in which 
a metallic core 88 is fed with the output of the oscilla- 
tor 28 and is mounted on the window frame 10C within 
electrically insulating material 90. 

40 In the arrangements of Figures 10 to 14, the op- 

eration is as previously described. Thus, the system 
can be set so that the rising window is stopped before 
the hand or other body part actually makes contact 
with the conductive element 82 connected to the out- 

45 put of the oscillator 28, or with the insulation material 
covering such element; instead, however, it can be set 
to stop the window when the hand or body part actual- 
ly makes contact with such element or insulation (but 
before the window applies an injurious force). 

so In all the cases described above, the output of the 

oscillator 28 is fed to electrically conductive means 
mounted in or adjacent to a window guide channel or 
strip or seal adjacent the periphery of the window 
frame. Instead, the output of oscillator 28 could be 

55 connected to an electrical conductor running along at 
least part of the top edge 8A (Fig. 1) of the window 
glass 8. For example, a metallic layer could be suit- 
ably deposited on the top edge 8A or an electrical wire 
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could be embedded in the edge. In certain cases, ve- 
hicles incorporate double-glazed window panels, 
comprising two glass panes mounted immediately 
adjacent to, though separated from, each other. A 
metallic conductor could be incorporated within such 
panes, such as running along between them adjacent 
the top edge. The system operates in the manner gen- 
erally described with reference to Figure 5. Thus, the 
presence of a human hand or other part of the human 
body on or immediately adjacent to the top edge 8 A 
of the window glass will affect the electrical field radi- 
ated by the electrical conductor incorporated in or on 
the glass at that edge, resulting in activation of the de- 
tecting unit 42 in the manner described. 

In these cases, suitable means would have to be 
provided for making the electrical connection from 
the output of the oscillator 28 to the electrical conduc- 
tor in or adjacent to the top edge 8A of the window 
glass. For example, the electrical conductor could be 
extended down the side edge of the window glass to 
a position within the lower part of the door where it 
could be arranged to slide in electrical contact with a 
fixed electrical conductor connected to the output of 
the oscillator 28 but electrically insulated from the ve- 
hicle's body. Other arrangements are, however, pos- 
sible. 

Figure 15 shows in more detail a different form 
which the control unit 20 of Figure 5 may take. 

The circuit of Figure 15 has a first oscillator 110 
which is quartz-stabilised and has an output frequen- 
cy of (in this example) 3.27 MHz. The oscillator's out- 
put on a line 112 is divided by two in a divider 114 and 
then divided by 128 in a divider 116 and passed on a 
line 118 to one input of a phase comparator in a 
phase-locked loop 120. 

The circuit also includes a second oscillator 122, 
which is a voltage controlled oscillator (VCO) and 
whose frequency is adjustable by means of a control 
signal on a line 124 but is nominally at 1.6 MHz. The 
output frequency of the VCO 122 is fed on a line 124 
through a shaping circuit 126 to a divider 127 having 
a division factor of 1 28. The output from the divider 
1 27 is fed to the second in put of the phase comparator 
in the phase-locked loop 120 by means of a line 128. 

A line 130 feeds the output from divider 114 to a 
further divider 132 having a division factor of 9998 
and thence to a circuit unit 134 which produces a 
square wave signal which is fed to one input of the 
phase comparator in a second phase-locked loop 136 
by aline 137. 

A line 138 connects the output from the circuit 
126 to a divider 140 having a division factor of 9999. 
The output of this divider is fed through a circuit unit 
142 which corresponds to circuit unit 134 and produc- 
es a square wave signal which is then fed on a line 
144 to the second input of the phase comparator in 
the phase-locked loop 1 36. 

The control output of the phase-locked loop 136, 



dependent on the phase and frequency error be- 
tween the compared signals received on lines 137 
and 144, is integrated in an integrator 146 and fed 
through a switch 148 to a memory 150. Thence it is 
5 fed via a capacitor 152 to the line 124 where it controls 
the frequency of VCO 122 in a manner to be descri- 
bed. 

The output of phase-locked loop 120, dependent 
on the difference in phase and frequency of the sig- 

10 nals received on lines 1 1 8 and 1 28 respectively, is fed 
through an integrator 154 to an output unit 156. Out- 
put unit 156 controls a switch 158 connected to the 
motor 34 which moves or slides the window glass be- 
tween its closed and open positions. 

15 Switch 148 is closed except when the window is 

moving in the closing direction (i.e. upwardly). 

Line 30 (corresponding to the line 30 of Figure 5) 
connects the VCO 1 22 to the metal carrier 1 4 or to the 
other conductors referred to in Figures 6 - 14, for ex- 

20 ample, conductors 50,68,70,82,86 and 88. 

In use, and assuming that the window is closed, 
switch 148 will also be closed, and the phase-locked 
loop 136 will compare the phases and the frequen- 
cies of the square wave signals respectively received 

25 on lines 137 and 144 from the oscillators 110 and 122. 
With the window closed, the signal received by VCO 
122 from line 30 will be dependent on ambient condi- 
tions adjacent to the window (for example, tempera- 
ture, moisture caused by rain and the like and other 

30 atmospheric conditions) and will tend to alter the fre- 
quency of the VCO 122 accordingly. The output of the 
phase-locked loop 136 is fed through integrator 146 
and closed switch 148 to produce a control signal on 
line 124 which offsets the effect of such ambient con- 

35 ditions on the VCO and adjusts the VCO to have a 
fixed frequency in relation to the stable oscillator 110. 
The effects of weather on the circuit are thus substan- 
tially eliminated. 

As soon as the window starts to close, though, 

40 switch 148 is opened as well and the phase-locked 
loop 136 no longer has any effect on the frequency 
of oscillator 122. The signal on line 124 now remains 
constant (being stored in memory 150). While the 
window glass is being driven to the closed position by 

45 a motor 34, the presence of a human hand or other 
human body part adjacent to the energised conductor 
14 (Figures 2 - 4), or to the corresponding conductors 
in the other Figures, produces a change in the signal 
on line 30. This in turn will cause a change in the fre- 

50 quency of the VCO 122. This will be sensed by the 
phase comparator in the phase-locked loop unit 120. 
The resultant change in the control signal produced 
by the comparator will be integrated by integrator 1 54 
and fed to the output unit 156. The output unit 156 will 

55 therefore respond by opening switch 1 58 so as to de- 
energise motor 34. 

In addition, the output from integrator 154 can be 
arranged to energise a warning light 170. 



BNSDOCID: <EP 0648628A1 I > 



9 



EP 0 648 628 A1 



10 



Figure 16 is a block diagram of another form 
which the circuit of the control unit 20 of Figure 5 may 
take. 

The circuit of Figure 1 6 has a voltage controlled 
oscillator (VCO) 200 which is connected by a line 30 
to the metal carrier 14 or to the other conductor refer- 
red to in Figures 6-14, for example conductors 
50,68,70,82,86 and 88. Line 30 therefore effectively 
connects a capacitor to the VCO 200, the capacitor 
being formed by the conductor 50,68,70,82,86 or 88, 
the capacitance of this capacitor being affected by the 
presence of part of the human body and being con- 
nected to the VCO 200 to cause the frequency of the 
VCO 200 to vary in the manner already described. 

The output frequency F D of the VCO 200 is fed on 
a line 202 to a phase-locked loop 204 which also re- 
ceives the output frequency F r of a reference oscilla- 
tor 206 on a line 208. The phase-locked loop 204 in- 
corporates a phase comparator shown diagrammati- 
cally at 210 which compares the phases of the out- 
puts of the VCO 200 and the reference oscillator 206 
so as to produce an output voltage on a line 212 which 
is dependent on the phase difference and thus on the 
difference in frequency between F Q and F n The other 
elements of the phase-locked loop are not shown. 

This output voltage V c is fed on a line 214 to a mi- 
croprocessor 216. 

Figure 16 also illustrates the motor 218 which is 
energised under the control of the driver or a passen- 
ger in the vehicle to raise or lower the window glass. 
The control switch is shown at 220. The switch has an 
OFF or central setting in which neither of its two out- 
put lines 222 and 224 is energised. When the switch 
is ON and energising line 222, the motor 218 drives 
the window glass UP. When the switch is ON and en- 
ergising line 224, the motor is energised to drive the 
window glass DOWN. By means of a line 226, the mi- 
croprocessor 216 detects the setting of the switch 
220: that is, whether it is ON or OFF and, if it is ON, 
whether it is causing the window glass to be driven UP 
or DOWN. By means of an output line 228, and in a 
manner to be described, the microprocessor 21 6 can 
stop the motor 21 8 and then energise it to drive the 
window glass DOWN. 

The operation of the circuit of Figure 16 will now 
be explained, with reference to the flow chart of Fig- 
ure 17. 

The microprocessor 216 repeatedly cycles 
through a sequence of operations. 

Firstly (Stage 230, Figure 17), it determines the 
state of switch 220 by means of line 226 (Figure 16). 
If it determines that switch 20 is OFF (Stage 232), this 
indicates, of course, that the window glass is station- 
ary (Stage 234). 

If it determines (Stage 236) that the switch 220 is 
ON, the microprocessor then checks (Stage 238) 
whether the switch is set to drive the window UP 
(Stage 240) or not (Stage 242). In the latter case, of 



course, this means that the window glass is moving 
DOWN (Stage 244). 

The operation of the circuit when the window 
glass is at a standstill (Stage 234) or is moving down 

5 (Stage 244) is the same, and will now be considered. 
The microprocessor 216 now measures the value 
of the control voltage V c received on line 214 (Figure 
16) Stage 246, Figure 17. It then compares this meas- 
ured value of V c with a previously stored reference 

10 value (V r - see Stage 248). The value of the resultant 
difference is then assessed (Stage 250) by the micro- 
processor 216 against a tolerance value, Tol 1". 

This measured difference will be dependent, of 
course, on changes in the frequency F„ of the VCO 

15 200. Such frequency variations will depend on vari- 
ous factors. As already explained, the VCO frequency 
F 0 will be affected by ambient conditions adjacent to 
the window, in particular temperature and similar ef- 
fects. In addition, of course, the VCO frequency F Q 

20 will be affected by the presence of a human hand or 
other human body part adjacent to the window open- 
ing. 

If the measured difference (Stage 250) is less 
than Tol 1 (Stage 252), thus indicating a relatively 

25 small change in the VCO frequency F OI this is inter- 
preted as a change caused by variation in tempera- 
ture or other ambient effect. A measured difference 
of less than Tol 1 is considered to have an "error val- 
ue" of zero (Stage 254). In response to detection of a 

30 zero error value, the microprocessor stores the new 
measured value of the control voltage on line 214 to 
form a new reference value V r (Stage 256). 

If, however, the measured difference (Stage 250) 
between the actual value V c of the control voltage and 

35 the stored reference value V r is greater than Tol 1 
(Stage 258), the "error value" is assessed at "1" 
(Stage 260). The system interprets this as indicating 
that a hand or other human body part is present in or 
near the window opening. The new measured value 

40 of V c is therefore not transferred to become the new 
reference value V r (Stage 262). No other action is tak- 
en in response to this detection of part of the human 
body in the window opening - because, of course, the 
window glass is either moving down or is stationary. 

45 In this way, for so long as the window glass is sta- 

tionary or moving down, the microprocessor 216 re- 
peatedly assesses the value of the control voltage V c 
and compares it with the previously stored value V r . 
Adjustments in V r are made to take account of tem- 

so perature and similar environmental effects. The stor- 
ed value V r thus continuously represents the frequen- 
cy of the VCO 200. 

If (Stage 240) the microprocessor detects that 
the switch 220 is causing the window to be driven UP, 

55 the microprocessor immediately assesses whether 
the difference between the measured value V c of the 
control voltage differs from the currently stored ref- 
erence value V r sufficiently to produce a value "1" 
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(Stage 264) for the error value. If the error value is 1 
(Stage 266), this indicates that a sufficient change in 
the frequency F 0 of the VCO 200 has occurred to in- 
dicate the presence of a human body part in the win- 
dow opening. The microprocessor therefore energis- 
es line 228 (Figure 16) to cause the motor 218 to stop 
and then drive the window glass DOWN (Stage 268). 

However, if (Stage 270) the assessed error value 
is not M 1 the window continues to be driven UP by the 
motor 218 (Stage 271). The microprocessor then 
measures the value of V c again (Stage 272) and as- 
sesses the difference (Stage 274) between this new 
measured value and the stored value of V r . The sys- 
tem then assesses whether this difference is greater 
or less than a tolerance value Tol 2" (Stage 276). Tol 
2 is set as a threshold value such that an assessed 
difference greater than Tol 2 indicates the presence 
of a human body part in the window opening. If the as- 
sessed difference is less than Tol 2 (Stage 278), the 
window continues to be driven UP (Stage 280). How- 
ever, if the assessed difference is greater than Tol 2 
(Stage 282), this is interpreted as an "error value" of 
"1" (Stage 284) and the microprocessor therefore en- 
ergises line 228 (Figure 16) to stop the motor 218 and 
to cause it to drive the window DOWN. 

Because the system continuously adjusts the ref- 
erence value V r to take account of temperature and 
similar ambient parameters, these parameters are 
substantially offset and do not affect the detection of 
the presence of part of the human body in the window 
opening. 

The microprocessor 21 6 may be connected to the 
phase locked loop 214 by other data transfer lines in- 
dicated generally at 288 for control and operational 
purposes. 

In a further modification, the micro- processor 
216 may be connected directly to the line 30. The mi- 
cro-processor clock circuit charges and discharges 
the capacitor constituted by the conductor 
50,68,70,82,86 or 88 to which the line 30 is connect- 
ed. The micro-processor detects the voltage across 
this capacitor and monitors its variations to detect 
changes in capacitance. Such changes, which may 
be due to temperature and other ambient effects, or 
to the presence of part of the human body in or near 
the window opening, may then be processed in the 
manner already described. 

Figure 18 is a cross-section through anotherform 
of window channel which is used in a modified form 
of the system. Parts in Figure 18 corresponding to 
those in other Figures are similarly referenced. 

In the system of Figure 18, the extruded material 
defining one side of the window channel is extended 
to form a flexible lip 100 incorporating a metal carrier 
or conductor 102. This may be in the form of a metal 
strip, possibly apertured or slotted to increase its 
flexibility. Instead, however, a metal wire could be 
used. 



In the system of Figure 18, the conductor 102 
constitutes one plate of a capacitor forming part of the 
tuned circuit of the oscillator 28, and an appropriate 
connection to the conductor 102 is made from the os- 

5 cillator tuned circuit accordingly. The lip 100 is so 
positioned in relation to the window glass 8 that a hu- 
man hand or other human body part on the rising edge 
of the window glass 8 will make contact with the lip 
100 as the window glass rises to the closed position, 

10 and will alter the position of the lip 100 because of the 
latter's flexibility. The consequent movement of the 
metal conductor 102 will cause a significant change 
in the capacitance in the tuned circuit of the oscillator 
28. An abrupt and significant change in the oscillator 

15 frequency will therefore take place and this will be de- 
tected by the detecting unit 42 (Fig. 5) and thus im- 
mediately stop the rising window glass. In the normal 
position of the lip 100 (that is, when not contacted by 
any external object such as a human hand or other 

20 body part), the capacitance in the tuned circuit of the 
oscillator 28 is such that its output frequency does not 
activate the detecting unit 42, and the motor 34 for 
driving the window glass can thus operate normally. 
The system of Figure 18 is advantageous in that 

25 the change in the oscillator output frequency, in re- 
sponse to the human hand or other body part, can be 
more substantial and easier to detect than is the case 
with the systems described with reference to the pre- 
vious Figures. The system of Figure 1 8 may therefore 

30 be less sensitive to extraneous effects and easier to 
adjust. In addition, the circuit can be simpler. 

The systems are advantageous in that they re- 
quire only a single electrical connection and require 
little or no modification to the window arrangement. 

35 Existing vehicles can be easily modified. There are 
no wearing parts. Most forms of existing window 
guide channels can be adapted for use in the system. 
The system is robust and needs no extra space and 
can be inexpensive. 

40 The other power-driven windows of the vehicle 

may be controlled in the same way. 

The systems described may of course be used to 
control horizontally slidable power-driven windows in- 
stead. They may also be used to control angularly 

45 movable power-driven windows. 



Claims 

so 1. A system for controlling a power-driven window 
(8) movable in a window opening (10) between 
closed and open positions, comprising electrical 
circuit means (28,110) for producing an electrical 
output, electrically conductive means (14,50,68, 

55 70,82,86,88,102) adapted to be positioned adja- 

cent to the window opening (10), connecting 
means (30) connecting the conductive means 
(14,50,68,70,82,86,88,102) to the electrical cir- 
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cuit means (28,110) such that the presence of a 
part of the human body at or not more than a pre- 
determined distance from the conductive means 
(14,50,68,70,82,86,88,102) produces a change 
in the electrical output, detecting means respon- 5 
sive to the change in the electrical output to pro- 
duce an output signal, and output means respon- 
sive to the output signal for interrupting move- 
ment of the window glass (8) in the window open- 
ing (1 0), characterised in that the electrical circuit 10 
means (28,110,200) produces the electrical out- 
put as an electrically oscillating output 

A system according to claim 1 , characterised in that 
the electrically conductive means (14,50,68, 15 
70,82,86,88) is energised by the electrical circuit 
means (28,110,200) to radiate a field within the 
window opening (10) which is affected by the 
presence of the said part of the human body at or 
not more than the predetermined distance from 20 
the conductive means (14,50,68,70,82,86,88) to 
produce the change in the oscillating output 

A system according to claim 2, characterised by 
means (44) for adjusting the field so as to vary 25 
the said predetermined distance. 

A system according to claim 1, characterised in 
that the electrical circuit means comprises a con- 
trollable-frequency electrical oscillator (28,110, 
200) whose frequency is dependent on the value 
of a control signal applied to a control input of the 
oscillator (28,110,200), and in that the connecting 
means (30) comprises means connecting the 
conductive means (14,50,68,70,82,86,88,102) to 35 
affect the control input. 

A system according to claim 4, characterised in 
that the electrical circuit means incorporates ad- 
justing means (1 36,21 6) for offsetting the effect 40 
on the controllable-frequency oscillator (110, 
200) of conditions adjacent to the conductive 
means (14,50,68,70,82,86,88) other than caused 
by the presence of the said part of the human 
body. 45 

A system according to claim 5, characterised in 
that the adjusting means comprises comparing 
means (1 36) operative when the window glass is 
not moving towards the closed position to com- so 
pare the frequency of the controllable-frequency 
oscillator (122) with a stable reference frequency 
(110) whereby to produce a comparison signal 
dependent on the difference between the com- 
pared frequencies. 55 

A system according to claim 6, characterised by 
means responsive to the value of the comparison 



signal (V c ) to compare it with a previously stored 
reference value (V r ) to assess whether the differ- 
ence between the comparison signal (V c ) and the 
reference value is greater or less than a predeter- 
mined tolerance level, and operative to store the 
value of the comparison signal (V c ) as the new 
value for the reference value (V r ) only if the said 
difference is less than the predetermined toler- 
ance level, the detecting means being operative 
to produce the said output signal when the differ- 
ence between the comparison signal (V c ) and the 
reference value (V r ) indicates the said presence 
of part of the human body. 

8. A system according to claim 5, characterised in 
that the adjusting means comprises means (136) 
operable to adjust the frequency of the controlla- 
ble-frequency oscillator (110) to a predetermined 
value when the window glass (8) is not moving to- 
wards the closed position. 

9. A system according to claim 6, characterised by 
means (124) for applying the comparison signal 
to the said control input of the controllable-fre- 
quency oscillator (122). 



11. A system according to any one of claims 4 to 6, 
characterised in that the detecting means com- 
prises comparing means (42,120) operative 
when the window glass (8) is moving towards the 
closed position for comparing the frequency of 
the controllable-frequency oscillator (122) with a 
predetermined frequency. 

12. A system according to claim 6, characterised in 
that the detecting means comprises further com- 
paring means (120) operative when the window 
glass (8) is moving towards the closed position for 
comparing the frequency of the controllable-fre- 
quency oscillator (110) with the said stable refer- 
ence frequency. 

13. A system according to claim 12, characterised in 
that the said further comparing means comprises 
part of a phase-locked loop (120). 

14. A system according to claim 1, characterised by 
an electrical oscillator (28) producing the oscillat- 
ing output, the oscillator (28) having a tuned cir- 
cuit in which is connected the electrically conduc- 
tive means (102), the conductive means (102) 



10. A system according to any one of claims 6 to 9, 
characterised in that the stable reference fre- 
quency is produced by a stable-frequency oscil- 
30 lator (1 1 0), and in that the comparing means com- 

prises a comparator within a phase-locked loop 
(136). 
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being movably mounted so as to be moved by di- 
rect or indirect contact with the said part of the hu- 
man body to produce a change in frequency of 
the osciilating output 

5 

1 5. A system according to any preceding claim, char- 
acterised in that the window (8) is slidable relative 
to a sealing or guiding member (e.g. 11 ), the seal- 
ing or guiding member incorporating the electri- 
cally conductive means (14,50,68.70,82,86,88, 10 
102). 

16. A system according to claim 15, characterised in 
that the sealing or guiding member (11) is made 

of plastics or rubber material and the electrically 15 
conductive means comprises an electrical con- 
ductor (14,50,68,70,82,86,88,102) embedded 
within the plastics or rubber material. 

17. A system according to claim 16, characterised in 20 
that the electrical conductor is a metal carrier 
(14). 

1 8. A system according to any one of claims 1 5 to 1 7, 
characterised in that the sealing or guiding mem- 25 
ber (11) is attached to a frame for the window. 

1 9. A system according to any one of claims 1 5 to 1 7, 
characterised in that the window (8) is mounted 
within the door (5) of a motor vehicle and in that 30 
the sealing or guiding member (11) is mounted on 

or adjacent to a frame for the door. 

20. A system according to any one of claims 1 to 13, 
characterised in that the window (8) is slidable 35 
relative to a sealing or guiding member (11) and 

the electrically conductive means is adjacent to 
but separate from the sealing or guiding member 
(11). 

40 

21. A system according to any one of claims 1 to 13, 
characterised in that the electrically conductive 
means is mounted on or adjacent to an edge of 
the window glass. 

45 

22. A system according to claim 21, characterised in 
that the electrically conductive means comprises 
a metal coating on the edge of the window glass. 

23. A system according to claim 21 or 23, character- so 
ised in that the window glass is a double-glazed 
window glass. 

24. A system according to any preceding claim, char- 
acterised in that the window glass (8) is driven by 55 
an electric motor (34) and the output means com- 
prises a switch (38,158) for interrupting energisa- 
tion of the motor (34). 



25. A system according to any preceding claim, char- 
acterised in that the output means includes 
means (40) responsive to the control signal for 
causing the window glass (8) to reverse its sliding 
direction. 

26. A system for controlling a power-driven window 
glass (8) slidable in a window frame (10), com- 
prising electrically conductive means (102) 
adapted to be mounted in use adjacent to the win- 
dow opening (10) so as to be physically moved by 
direct or indirect contact with part of the human 
body positioned between the moving window 
glass and its frame during power-driven closure 
of the window, electrical circuit means (28,110) 
connected to the electrically conductive means 
(102) so as to respond to the said movement of 
the electrically conducted means (102) and to 
produce a corresponding output, detecting 
means responsive to the output to produce a con- 
trol signal, and control means responsive to the 
control signal for interrupting power-driven 
movement of the window glass (8), characterised 
in that the electrical circuit means incorporates an 
electrical oscillator (28,110) and in that the elec- 
trically conductive means (102) is connected in 
the tuned circuit of the oscillator (28,110) where- 
by the said movement of the electrically conduc- 
tive means (102) changes the frequency of the 
oscillator to produce the said output. 

27. A system according to claim 26, characterised in 
that the electrically conductive means (1 02) is in- 
corporated within flexible electrically insulating 
material (100). 

28. A system according to claim 27, characterised in 
that the electrically conductive means (102) and 
the flexible insulating material (100) together 
form part of a sealing or guiding member. 

29. A system according to any one of claims 26 to 28, 
characterised in that the electrically conductive 
means (1 02) is a metal carrier. 

30. A system according to any one of claims 26 to 29, 
characterised in that the power-driven window 
glass (8) is driven by an electric motor (34) and 
the control means comprising a switch (38) for in- 
terrupting energisation of the motor (34). 

31. A system according to any one of claims 26 to 30, 
characterised in that the control means includes 
means (40) responsive to the control signal for 
causing the window glass to reverse its sliding di- 
rection. 
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